This study was undertaken to compare the incidence of electrocardiographic abnormalities associated with a near maximal and a maximal exercise test, because of previous reports of high incidence of such abnormalities among older men.
These authors have reported that exercise of <'near maximal" severity results in flat or sagging ST depression in a very small percentage (less than 1%) of clinically normal men whose ages were similar to those studied by Doan and associates. 5 The present study was designed to compare directly the responses of older males to a two-step exercise test of "near-maximal" severity (GXT) with the multistaged "maximal" treadmill test utilized by Doan Prior to testing, a cardiovascular history was taken and a physical examination was performed. An x-ray of the chest, the vital capacity, and a hematocrit determination were made in all subjects. No anemia or evidence of significant lung disease was found. Subjects admitting to chest pain were seen by at least two experienced physicians prior to electrocardiographic testing and classified as (1) definitely angina pectoris, (2) probably angina pectoris, (3) probably not angina pectoris, and (4) After each of the exercise tests the subject was placed supine and reconnected to an electrocardiographic cable. A standard V5 recording was obtained at 30 seconds, 2, 4, and 6 minutes after exercise. A 12-lead standard electrocardiogram was recorded during the second minute after exercise. In all postexercise VX5 leads, cardiac cycle length, the magnitude of J (S-ST junction) depression, and the slope of the ST segment were measured. All records, including the telemetered tracings during exercise and the first 15 seconds after exercise, plus the standard lead electrocardiograms made during the second minute after exercise, were carefully examined for abnormalities by two or more experienced electrocardiographers. If any questionable change was seen in any lead, the magnitude of the "J" depression and the slope of the ST segment in that lead were measured as described below and classified accordingly. Because of the short time constant of the telemeter system, J-amplitude and STslope measurements were not reported on tracings thus recorded. Interpretation of these tracings was by visual analysis only.
ST SEGMENT SLOPE DETERMINATION 50mm/Sec. Figure 1 illustrates the methods utilized for determining the ST-segment slope. The J depression of 1 mm is easily seen. Three consecutive PQ points (A) are connected to form a baseline. A tangent then is drawn to the first 0.08 second of the ST segment, and the slope in millivolts per second is derived. The complexes measured were typical of those over a period of several seconds. On no occasion was a single unusual beat measured.
Results
The individuals tested were cooperative and in many cases quite competitive. All subjects performed the exercise to the satisfaction of the examiner and no one had to be stopped because of chest pain or electrocardiographic changes during exercise. Only one subject was able to complete all seven phases (21 minutes) of the MET. Most subjects stopped during the fourth or fifth phase after 9 to 15 minutes of exercise. In general, no objection to either test (MET or GXT) was raised in these wellmotivated subjects. There has been, however, an occasional subsequent refusal of retesting at maximal level.
Performance by heart rate attained during exercise is seen in figure 2 for the GXT and figure 3 for the MET. The predicted maximal heart rate is indicated by the unbroken The double broken line (90%0 predicted maximal) illustrates the "target" heart rate for the subjects undergoing the near maximal test. The scatter of the datapoints about this line indicates the degree of success of the subjects in achieving and maintaining the target rate. All points are derived from measurement of the heart rate during the last 30 seconds of exercise.
line in both figures. The GXT level (90% of the predicted maximal heart rate according to the data of Robinson7) is illustrated by the double broken line; 70%, 80%, and 110% of predicted maximal heart rate are illustrated by broken lines and labeled accordingly on each graph. It is shown that the GXT heart rate range was almost always attained. This rate was easily maintained for 2S minutes by reducing steps per minute on the box after the desired rate was reached. On rare occasions, men who lacked agility for the step climbing had difficulty attaining or sustaining target rate. The maximal heart rate as predicted from the older studies of Robinson was exceeded by 88% of the subjects of this study during the maximal exercise test. These values for maximal heart rate were slightly higher, in each age group, than those recently reported by Doan and associates.a The individual subjects were usually quite hyperpneic during the GXT and were noted to sweat profusely. Recovery following the GXT was rapid and no one declined to proceed to the MET. In contrast, the skin of almost every subject tested was noted to be cold and pale just prior to spontaneous termination of the MET. A feeling of profound weakness was described by several of the subjects. This sensation occasionally persisted as long as 3 HEART figure 1 , was 0 mV/sec or less (negative slope). Criterion II (doubtful) means the slope appeared to be flat, but my measurement was found to be between 0 and +1.0 mv/sec with a J depression of 0.5 mm or more. Table 5 illustrates the age of the individual subjects, their exercise habits, duration of treadmill exercise, maximal heart rate attained during exercise, and ST segment response to exercise for all subjects classified "positive" by either criterion. These subjects could not be distinguished from the "normal responders" by exercise habits, maximal heart rate attained, or level of exercise reached at termination of exercise. interpretation. In addition, we consider it essential to have resucitation equipment, including electrical defibrillator, immediately at hand with personnel skilled in its use.
Clinical Data for Each Positive Responding
To our knowledge no serious complications of maximal or submaximal testing as herein described have been reported. We have, however, been impressed by the transitory ventricular arrhythmias associated with the MET, and by the prolonged feeling of weakness following it, occasionally accompanied by postural hypotension and faintness. Submaximal e-xercise testing, by comparison, is characterized by recovery of well-being within 4 to 6 minutes in normal subjects, and 4 to 15 minutes in patients with angina pectoris. Until several thousand experiences with both test levels in both normal and diseased subjects have been accumulated and analyzed, we believe that the availability of protective measures, the attitude of caution in administration, and the development of indications for testing with either level should be in proportion to the severity of stress involved. In the selection of a test for wide usage in screening population groups for coronary artery disease, subject acceptance must be given serious consideration. The GXT requires less of the volunteer's time at the test and he is required to demonstrate a lower level of motivation and cooperation than the MET requires. Simply stated, a higher percentage of average subjects is likely to complete a GXT than is likely to proceed through exercise stages to maximal exertion.
As reported earlier,' the double Master test is for some persons a near maximal exertion. By controlling exercise rate in accordance with heart-rate response, patients with severe restriction of exercise capacity tend to be protected from overexertion. But we have found that for the average subject a more vigorous exercise level improves diagnostic yield, and the more moderate heart-rate response of the fit subject automatically calls for a proportionally higher work rate in the performance of a GXT.
One recent study has resulted in findings that appear to conflict seriously with the data of the present study. Doan and associates,5 reporting on maximal exercise tests in a volunteer population, found positive responses in 9.4% of persons in the fifth decade, 24.1% in the sixth decade, and 46.1% in the seventh decade. Examination of the maximal heart rates achieved in each study suggests that there were not significant differences in the work stresses involved; indeed, the rates were slightly higher in our study which found fewer positive responses. There are, however, four possible explanations for the differences found.
First, there is a difference in the compositions of population samples. Of the 226 subjects in the older age group studied by Doan Circulation, Volume XXXVI, Julf 1967 and associates,5 25 had significant cardiac abnormalities that were recognized prior to testing. These abnormalities included aortic stenosis, angina pectoris, arterial hypertension, left ventricular hypertrophy, and healed myocardial infarction.
Abnormal electrocardiographic responses in these 25 subjects increased the gross incidence of reported abnormal responses, yet these subjects are not comparable with the presently reported group from which all significant cardiac abnormalities were excluded. A similar exclusion of known abnormality from Doan's study5 would leave 201 "normal" volunteers manifesting only a 9% incidence of electrocardiographic positive responses in subjects 40 years or older. This incidence is in the same order of magnitude as that found in our study (5%).
There does appear to be a relationship between subject age and likelihood of positive response. Our own experience is in agreement with that of Mason ings is the recognized high incidence of interobserver variation in evaluating electrocardiograms. The reproducibility of human measurement of ST-segment depression by conventional means is known to be limited. The methods used in the present study were designed to minimize these differences. In addition, all records were independently reviewed by all three authors to ensure that no "doubtful" responses were overlooked. Fourth, in addition to the three technical bases of different findings, it is possible that there are actual significant differences between the source populations of Birmingham and Seattle. Indeed, one of the major potential values of exercise electrocardiographic testing is that of epidemiological evaluation, both geographic and otherwise. It has been suggested on other grounds that important regional differences in the incidence of coronary heart disease are present in the United States. Until there is more technical uniformity in recording and higher precision of analysis, such applications will be difficult to interpret. In view of the total experience reported to date and with attention to the factors discussed above, it would appear that the overall incidence of ST-segment depression in response to near maximal exercise testing (GXT) is between 1 and 3% in middle-aged and older American men. The incidence of such changes in response to maximal testing seems to be between 5 and 10%. It is important to recognize that such figures apply only to the incidence of ST-segment abnormalities. Other, more subtle, electrocardiographic changes, which may have equal significance, have not been included. The most important of these include (1) increased intraventricular depolarization time, (2) the development of sustained ventricular arrhythmias during and following exercise, (3) abnormal widening of the QRS-T angle, (4) J depression greater than 0.2 mV, (5) prolongation of the QT interval relative to the heart rate, and (6) The exact significance of electrocardiographic abnormalities following maximal or near maximal exercise has not been established. Most of the evidence linking ST-segment depression to myocardial hypoxia is empirical. It is also evident that the prognostic value of such changes under the conditions existing during or immediately following maximal exercise cannot be properly assumed to be the same as more persistent changes occurring after less strenuous exercise of shorter duration. We believe that the degree of coronary flow restriction may be inversely proportional to the severity of stress required to detect it. It seems likely also that the duration of the ischemic changes following termination of exercise will be found to have prognostic significance.
Thus, there is a broad question of the degree of applicability of a sign that has timeproven usefulness under one set of conditions (that is, ST-segment depression following the relatively moderate exercise of a "two-step test") to a significantly different set of testing conditions. If this question is frankly recognized, it should be possible to begin answering it by properly designed prospective studies. Addendum Since this report was submitted for publication an additional 60 subjects, 51 over the age of 50, have been studied with the MET. In this group multiple electrocardiographic leads were recorded by direct wire before, during, and after exercise. Postexercise recordings were made in the sitting position. A total of four positive responses (8.6%), two by criterion I and two by criterion II, were found. In each case the abnormality was manifested before exercise was completed. In two the abnormality was transitory, disappearing within 30 seconds after the termination of exercise, and in the other two the abnormality persisted for 6 and 8 minutes, respectively.
